The mechanisms responsible for mRNA decay in mammalian cells, and how specific sequence elements accelerate decay, are unknown. Recent work indicates that 'ARE' instability elements recruit the exosome to promote rapid 3′ ′-to-5′ ′ degradation of the mRNA. [11] immunodepleted the exosome from their extracts. This immunodepletion stabilized RNAs, suggesting that the exosome normally degrades these RNAs. It appears that the whole exosome complex, rather than a free exosome subunit, is required for mRNA degradation. This conclusion is based on the observation that antibodies raised against several different subunits of the exosome stabilize RNAs. Chen et al.
exosome-mediated pathway being only two to fivefold slower than the 5′ ′-to-3′ ′ pathway [12, 13] . Therefore, mammalian and yeast cells degrade mRNA by the same basic mechanisms, but the relative rates of the two pathways may vary, either for individual mRNAs or for the bulk mRNA population.
All three groups [9] [10] [11] used cell lysates to analyze mRNA decay in vitro. To show that the direction of degradation was predominantly 3′ ′-to-5′ ′, various modifications were made to the substrate RNAs. Chen et al. [9] found that RNA radiolabeled at the 5′ ′ end gave rise to a labeled degradation intermediate, while one labeled at the 3′ ′ end disappeared without detectable intermediates. Wang and Kiledjian [10] found that, when the 5′ ′ end of the RNA was blocked from exonuclease digestion, RNAs were degraded with unaltered kinetics. In contrast, transcripts were stabilized by protection of the 3′ ′ end. Both Wang and Kiledjian [10] and Mukherjee et al. [11] inhibited exonuclease progression within the transcript, either by chemically modifying internal bonds or by inserting stable secondary structures. These modifications led to the accumulation of a decay intermediate expected from 3′ ′-to-5′ ′ decay. All of these experiments indicate that RNAs are mainly degraded from the 3′ ′ end to the 5′ ′ end in mammalian cell lysates.
Because the exosome is required for 3′ ′-to-5′ ′ degradation of mRNA in yeast [2, 8] , both Chen et al. [9] and Mukherjee et al. [11] immunodepleted the exosome from their extracts. This immunodepletion stabilized RNAs, suggesting that the exosome normally degrades these RNAs. It appears that the whole exosome complex, rather than a free exosome subunit, is required for mRNA degradation. This conclusion is based on the observation that antibodies raised against several different subunits of the exosome stabilize RNAs. Chen et al. [9] also showed that the immunodepleted extract can be reactivated by adding purified exosomes. All of these results indicate that the main RNA degrading activity in these cell lysates is the exosome.
Complete digestion of an mRNA by the exosome would presumably result in a 7m GpppN product derived from the cap structure. Wang and Kiledjian [10] found that a 'scavenger' decapping enzyme associates with the mammalian exosome and is specific for very short pieces of mRNA, such as 7m GpppN. A likely role of this activity is to degrade the cap structure left after exosome-mediated mRNA degradation (Figure 1) . A similar scavenger decapping activity is conserved in yeast [10] , which is consistent with this enzyme being an important part of 3′ ′-to-5′ ′ degradation of mRNA.
The new studies [9-11] also addressed how specific sequence elements accelerate turnover rates. Mukherjee et al. [11] and Chen et al. [9] both found that RNAs destabilized by AREs are also stabilized in lysates that had been immunodepleted with anti-exosome antibodies. This suggests that AREs recruit the exosome. Mukherjee et al. [11] further found that a subunit of the exosome specifically binds to transcripts that contain an ARE, and they hypothesize that this binding is responsible for the observed decay specificity. Chen et al. [9] showed that some ARE-binding proteins physically interact with the exosome, and that ARE-containing mRNAs are no longer specifically degraded when lysates are depleted of ARE-binding proteins. Specific AREmediated degradation could be restored by adding back some, but not all, ARE-binding proteins. Interestingly, ARE-binding proteins known to destabilize mRNAs in vivo were found to bind to the exosome and destabilize ARE-containing RNAs in vitro. In contrast, ARE-binding proteins that stabilize ARE-containing mRNAs in vivo did not bind the exosome, and had no effect on RNA decay in vitro. Chen et al. [9] additionally showed that purified exosomes -with copurifying ARE-binding proteins -preferentially degrade ARE-containing RNAs. These results suggest a model wherein the exosome is recruited to substrate mRNAs through interactions between the exosome and ARE-binding proteins (Figure 1) . One possibility consistent with both sets of results [9, 11] is that mRNAs might initially be recognized by specific RNA-binding proteins, and then be transferred to RNA-binding sites of the exosome.
Although the current papers answer many questions, they also raise several questions. First, is exosome-mediated decay the predominant pathway in mammalian cells in vivo? Wang and Kiledjian [10] addressed this question by synthesizing RNAs modified at either end, and introducing them into intact cells by electroporation. Their results suggest that these transcripts are degraded 3′ ′-to-5′ ′. However, transcripts electroporated into yeast cells are also preferentially degraded 3′ ′-to-5′ ′, even though this is the minor decay pathway for endogenous mRNAs [14] . Other evidence that mRNAs are degraded primarily 3′ ′-to-5′ ′ in mammalian cells comes from the observation that the 3′ ′ end of the mRNA is more unstable than the 5′ ′ end [10] . The in vivo consequences of exosome inhibition with techniques such as RNAi should definitively reveal the importance of exosome-mediated mRNA decay. Second, as the exosome does not appear to be responsible for deadenylation, how is the transition in nucleases accomplished and how do AREs promote both phases of decay? Finally, AREs have now been suggested to stimulate exosome-mediated decay, deadenylation and decapping [6, 15] . Which of the three described effects of AREs is most important in vivo? Perhaps all three effects are involved in the proper regulation of this important class of mRNAs. 
